P ERIPHERAL vascular control is most commonly described in relation to neural, hormonal, and local mechanisms that adjust blood flow through the systemic vascular beds in relation to tissue requirements. According to traditional views, vasodilation in one vascular bed (e.g., skeletal muscles) should be accompanied by compensatory vasoconstrietion in relatively inactive tissues (e.g., kidney and splanchnic vessels). This concept has been based on a large mass of evidence demonstrating that the blood flow through many different tissues and organs can be varied over wide ranges under experimental conditions. According to tlvnas, Folkow, and their colleagues, 1 ' 2 skeletal muscles are supplied with both vasoconstrictor and vasodilator fibers in their sympathetic nerve distribution.
The vasoconstrictor mechanism appears to be involved in general regulation of systemic arterial pressure, while the vasodilator system may represent a mechanism by which blood flow may be increased in skeletal muscles by means of central neural controls. The kidneys contain a vascular bed that is very responsive to sympathetic vasoconstrictor impulses. In fact, Hoff et al. 3 demonstrated that chronic electrical stimulation of selected areas in the brain can produce damage to renal tubules, apparently through extreme vasoconstriction and ischemia. Variability of control mechanisms in various tissues and organs has been reviewed by Green and Kepchar. 4 The blood flow through both the hepatic portal vein and the hepatic area is profoundly in-fluenced by both sympathetic nerve stimulation and intravascular administration of catecholamines. 5 The fact that blood flow through various tissues and organs can be greatly influenced under experimental conditions does not necessarily mean that reciprocal changes in blood flow occur during spontaneous activity under normal conditions. In 1939, Herrick, Grindlay, Baldes, and Mann 6 implanted thermostromuhrs on the superior mesenteric, renal, and iliac arteries and demonstrated that blood flow to the hind legs increased markedly during exercise, but blood flow in the superior mesenteric and renal arteries was not decreased. This interesting observation had little influence on prevailing thought, possibly due in part to a critical review of the thermostromuhr in 1942 by Gregg and his colleagues. 7 They presented evidence that bloodflow values obtained by this method may be highly inaccurate, because '' the relation of the galvanometer deflection to flow will vary with (1) the artery used, and its degree of stretch;
(2) the position and degree of angulation of the unit with respect to its contained artery;
(3) the presence or absence of near zero, zero, or back flow in the flow pattern of the metered fluid; (4) composition of the immediate environment; (5) movements of the extra-and intravascular fluid in the environment and (6) viscosity of the metered blood." The resulting reaction against the thermostromuhr technique drove it into obscurity for many years, even though the method had produced some very interesting and valuable data. Interest in thermal flow measurement is currently growing again (see below). The pulsed ultrasonic flowmeter was developed to record continuously the blood flow through unopened vessels in chronic preparations, 8 record flow through three or four arteries simultaneously. 9 ' 30 Using these new techniques, changes in flow distribution through the terminal abdominal aorta, renal artery, and superior mesenteric or hepatic arteries could be monitored in intact unanesthetized animals during spontaneous activity and during infusion of vasoactive hormones. The studies were also extended to observe the responses of the same animals, under chloralose anesthesia, to stimulation of selected areas of the diencephalon, where cardiac responses closely resembling the response to exercise had previously been elicited. 11 " 13 Hypotheses One objective of this experiment was to test the hypothesis that integrated peripheral vascular responses involve redistribution of blood flow so that increase in flow through active tissues (e.g., contracting muscles) is accompanied by reduction in flow through relatively inactive tissues.
A second objective was to test the hypothesis that the central nervous system plays a dominant role in integration of peripheral vascular responses under normal conditions.
Experimental Design
The experimental design involved direct recording, in healthy dogs, of the changes in blood flow through the hindquarters, the kidney, and the portions of gastrointestinal tract served by the superior mesenteric artery or hepatogastric artery. Vascular responses during a wide variety of spontaneous adjustments were then compared with patterns of peripheral flow distribution induced experimentally by intravenous infusion of vasoactive substances and by electrical stimulation of selected areas in the hypothalamus and diencephalon. It was assumed that comparison of responses recorded from the same dog on the same day would permit evaluation of the roles of circulating hormones and of neural mechanisms in normal peripheral vascular reactions.
Methods
The instantaneous flow velocity WHS l-ecorded continuously by means of pulsed ultrasonic flowmeters illustrated in figure 1A . Barium titanate crystals were mounted diagonally opposite each other in a rigid plastic cylinder, which was then mounted on the outside of a blood vessel. A eylindrical flow section with a circumference slightly smaller than that of the blood vessel was selected to insui'e continuous contact with the vascular wall. The barium titanate crystals served alternately as transmitters and as receivers of ultrasonic waves (three-megacycle). The time required for sound to pass through stationary fluid from one crystal to the other is precisely the same in either direction. If pulses of ultrasonic vibrations travel diagonally through a stream of flowing fluid, the time is slightly longer for transit upstream than for transit downstream. If pulses are sent alternately upstream and downstream (400 times per second), the difference in transit time can be recorded and calibrated in terms of instantaneous flow velocity as it changes from moment to moment. Because the flow velocity is sampled across the entire stream, the recorded flow represents the mean flow velocity at any moment. Since the plastic cylinder encircles the vessel and prevents changes in its caliber, the velocity of flow can be calibrated directly as a linear function of the volume flow. The principles and Circulation Research, Volume IX. May 1961 operation of pulsed ultrasonic flowmeters have been described in greater detail elsewhere. 8 " 1 u Simultaneous flow recording from two adjacent arteries presented special problems, because the electrical or sonic pulses may interact, producing mutual interference between the flowmeters. However, the single pulse is very short (15 jiisee.). If time is allowed for switching and recovery of the electronic circuitry, a comparison of the transit time of ultrasonic pulses upstream and downstream can be completed in 0. A series of studies was conducted on seven large dogs (20 to 30 Kg.), according to a specific experimental design and protocol which was followed in detail, with only the few exceptions noted later. Under aseptic surgical conditions, three flowmeters were installed in each dog at the sites indicated in figure IB. Flow through the hepatic artery, which serves the liver and stomach, was recorded in three dogs, and superior mesenteric arterial flow in four dogs. The seven animals were studied consecutively, without mortality or prolonged morbidity. AVithin a week after surgery, each animal appeared to be fully i-ecovered and was brought to the laboratory for training. A lightweight cable, 30 ft. long, extended from the recording equipment and over a ceiling pulley to a light harness on the back of the animal; it served as a terminal board to receive the wires extending through the skin from the flowmeters. This arrangement left the animal free to roam about the center of the laboratory, without restraint, while records were being taken on an Ampex four-channel tape recorder and two Sanborn Polyviso recorders. The animal was trained to run freely on a motor-driven treadmill at rates of 2 to 4.5 m.p.h., on grades up to 12 per cent. Most of the animals adjusted rapidly to the laboratory situation and appeared completely at Circulation Rrsrarch, Volume IX, May 1961 ease after only two or three days. On each occasion, records were obtained over a two-hour period with only one observer in the room, unobtrusively making notes on the record. Generally, records wi'ix' made while the animal was recumbent with its head down (asleep, if possible), recumbent with its head up, sitting, standing, walking about, eating, startled by a loud noise, and, finally, exercising on the treadmill. These observations, recorded under optimal conditions, were used as controls and for comparison with a full-scale experiment conducted the next day.
On the following morning, the skin above the femoral artery was anesthetized with procaine and incised. ^\ fine polyethylene catheter was inserted into a branch of the femoral artery and passed into the abdominal aorta. This catheter was connected to a miniature differential transformer pressure gauge mounted on the harness. The flowmeter wires were then connected to the harness cable, and all four variables were recorded both on the four-channel tape recorder and on Rnnborn Polyviso recorders, so that notes could be made to identify the various stages of the experiment. Again, records were taken while the animal was recumbent with its head down, recumbent with its head up (looking around), reacting to a loud noise, sitting, standing, and walking about. Some dogs were tilted 45 to 60 degrees with the head up and with the head down, while they were lying on a tilt board. Others were tilted head up and head down by manual support under forefeet or hind feet, respectively (see fig. 2 ). Each animal was fed a plate of dog food. Both femoral arteries were manually compressed for one to two minutes to produce reactive hyperemia. Exercise was performed on a motor-driven treadmill at 2 to 4.5 m.p.h., on grades up to 12 per cent. In three experiments, the hind legs were immersed in ice water, but the response was inconstant and complicated by movement of the animal, so this procedure was omitted from the other experiments.
Preparations were then made for intravenous infusion of vasoactive substances. Taping the front and hind legs together induced the animals to lie quietly on their sides, without struggling and without evidence of distress or discomfort. A polythene catheter was then introduced, through an IS-gauge needle, into the ankle vein for intravenous infusion of a wide variety of substances, including Z-epinephrine, norepinephrine, isoproterenol, acetylcholine, Pitressin, and, in a few instances, serotonin and nitrites. The time between infusions was sufficient to permit the recorded variables to return to control levels and stabilize there for 10 to 15 minutes. This period was recognized as too brief to permit complete elimination of the substances, but time did not permit longer intervals between infusions. The influences of preceding infusions must be taken into account in interpreting the responses.
After this series of infusions was completed, chloralose was infused to produce surgical anesthesia. The animal's head was placed in a stereotaxie instrument, and the brain was exposed to permit electrical stimulation with a combination bipolar and monopolar electrode. The sites for electrical stimulation included the specific diencephalie points where weak stimuli had been followed by powerful cardiac responses in previous studies. 11 " 13 Usually, additional areas were also explored, including the motor cortex, the thalamus, and other accessible sites. In general, sites were sought at which stimulation produced changes in flow distribution of the sort previously observed during exercise or during other spontaneous cardiovascular adjustments.
On completion of diencephalie stimulation, the flow sections were exposed and the arteries occluded just upstream of them, to indicate the baseline for zero flow. In four animals, large-bore catheters were introduced to a point just upstream from each flowmeter, and known quantities of blood were forced through the flow sections while they remained undisturbed in situ. In the first experiments, complicated pumping systems, providing both steady and pulsatile flows, were used for calibration. With some experience, very satisfactory flow pulses for calibration could be obtained by using large syringes to inject known quantities of blood. Observing the records during injection made it possible to reproduce flow velocities covering the range of the experiment. The blood-pressure gauge was calibrated against a mercury manometer in the standard fashion.
To determine the anatomical location of the stimulation sites, the head was perfused with formalin during or shortly after calibration of the flowmeters. After fixation, the brain was sectioned and the stimulation sites were identified.
Subsequently, the experiment was played back from the Ampex tape recorder for analysis by electronic computers. Each channel of flow information was integrated over each successive interval of 2.5 seconds. During each cardiac cycle, a step was produced that was proportional to the flow per stroke through the particular arterial bed. The peak amplitude at the end of 2.5 seconds indicated the flow per unit time. The heart rate was recorded by a ratemeter triggered by a flow pulse, and registered as a D. C. potential proportional to the length of the preceding cardiac cycle. Instantaneous aortic pressure was converted into mean aortic pressure for easier detection of shifts in the arterial pressure head. All eight records were recorded at 50 mm./sec. during each control period and at selected times during each experimental procedure. The high-speed records permitted observation of changes in the wave form of the flow patterns at the various arterial sites.
Results Changes in the patterns of flow distribution are useful quantitative descriptions of the manner in which blood flow is adjusted in major peripheral vascular beds. Responses in different animals varied in magnitude more than in kind. For example, the responses to exercise, tilting, and infusion of the various vasoactive materials were so reproducible in different animals that they could usually be identified on unlabeled records with fair accuracy. For present purposes, a complete set of records from a single dog has been selected as the most representative and most reliable example of the responses observed in the seven animals.
Flow Distribution During Spontaneous Activity
Peripheral vascular adjustments during a series of spontaneous reactions are illustrated in figures 2 and 3. At the beginning of this record, the dog was recumbent and relaxed and appeared to be asleep. The heart rate was slow and slightly irregular (sinus arrhythmia). The wave fomis characteristic of the instantaneous flow patterns through the three arteries, as recorded at time A in figure 2, are indicated in figure 3. In the superior mesenteric artery, the flow velocity reached a peak early in systole, then declined abruptly during the remainder of the systolic interval. Inflections during the descent from the systolic peaks were consistently observed. A low point in the flow velocity pattern occurred just after the end of systole. During early diastole, the superior mesenteric flow accelerated again, then slowed progressively throughout the remainder of diastole. However, the flow in the artery remained above zero throughout the entire cycle. This signifies that blood normally flows forward continuously in the superior mesenteric artery, without a reversal at any time in the cycle. Retrograde flow may be induced experimentally as described later. The normal flow velocity pattern in the renal artery also showed a very sharp peak in early systole and then displayed a rounded hump before the abrupt descent at the end of systole. During diastole, renal flow declined slowly and progressively, by an amount determined in part by cycle length. Blood in the renal artery also flowed forward without reversal throughout all normal cycles. In the terminal abdominal aorta, peak flow velocity was reached later in systole than in the other two arteries, and a retrograde surge of blood to levels well below zero was generally observed. Since the arterial pressure pulse is similar at the origins of the three arteries, the differences in wave forms in them largely represent differences in the hydraulic impedance of the vascular beds into which they empty.
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Abrupt transition from somnolence to alertness was produced by a loud noise (bursting balloon) at the point labeled "startle" in figure 2. About 30 seconds later, the animal stood up. Instantaneous flow peaks in the superior mesenteric and renal arteries were reduced somewhat, but integrated flow records showed little change in flow per unit time. This constancy was due in part to sustained acceleration of the heart rate. Flow through the abdominal aorta to the hindquarters increased abruptly, reaching a very high peak as the animal stood up. A number of changes in the flow velocity patterns occurred in rapid succession. The heart rate accelerated, and the lower aortic flow doubled, remaining elevated long after the startle response was initiated. This large increase in 
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Wave forms of instantaneous flow velocity recorded at fast paper speeds (50 mm./sec.) at times indicated in figure 2 .
flow through the hindquarters occurred even while the animal remained recumbent and gave no outward evidence of tensing the muscles. Ten to 15 minutes later (as indicated by the break in the record), the animal was standing quietly, and the flow patterns had returned toward the levels existing in the recumbent position. A fast record taken at time B demonstrated that the wave forms were again similar to those obtained during recumbency. Gentle lifting of the forepaws tilled thetrunk of the animal about 45 degrees for one minute. The peak instantaneous flow dropped abruptly in all three arteries. The minimal levels of diastolic flow dropped in the superior mensenteric artery, remained about the same in the renal artery, and increased in the abdominal aorta. These changes in the flow patterns were accompanied by acceleration of the heart rate to 180/minute, and mean arterial pressure remained about the same. Integrated flow was significantly reduced in the superior mesenteric arter3 r , little changed in the renal artery, and elevated in the lower abdominal aorta. A high peak flow occurred in the lower aorta when the animal was returned to the standing position, with the trunk horizontal.
AYhen the trunk of the animal was tilted 45 degrees with the head down, superior mesenteric flow changed slightly, renal flow apparently decreased, and the aortic flow increased somewhat. Heart rate was slightly accelerated, and arterial pressure apparently fell somewhat. When the dog spontaneously sat up, changes in flow pattern resembled those produced by tilting with the head up, but were somewhat smaller, particularly with reference to cardioacceleration. The changes in wave form were also very similar to those during head-up tilting ( fig. 3 ).
Eating produced a questionable reduction in renal and abdominal aortic flow, with no definite change in mesenteric flow. It is possible that slight changes in mesenteric flow were obscured by the spontaneous fluctuations that may occur in these animals at the slightest external stimulus. Among animals with flowmeters on the hepatogastric artery, a substantial increase in flow immediately after eating was noted in only one record.
Manual compression of both femoral arteries produced a sharp drop in flow through the lower abdominal aorta, with the integrated flow leveling off at about two-thirds of the control level. This indicated the relative partitioning of lower aortic flow between the femoral arteries and other arterial channels (i.e., to the gluteal region and to pelvic organs). Release of femoral compression produced a very transient increase iu flow, which might be ascribed to "reactive hyperemia." Compression of the femoral arteries also produced a slight reduction in mesenteric flow and a questionable reduction in renal flow. The wave forms presented in figure 3 were not greatly altered, because the record was obtained too long after release of the femoral arteries to show the immediate reaction.
These dogs were trained so that they climbed onto the treadmill without urging. Starting the treadmill at 3 m.p.h. on a 12 per cent grade produced obvious changes in the instantaneous flow patterns in all three arteries (see figs. 2 and 3). The systolic peak was somewhat higher and sharper, duration of systole obviously decreased, and diastolic flow levels were reduced in the superior mesenteric and renal arteries but elevated in the lower aorta. The heart rate was increased greatly. The net effect of all these changes was indicated by the integrated flow. In the superior Circulation Retearch. Volume IX, May 1961 mesenteric artery, the flow per stroke was diminished, but the flow per unit time (integrated over 2.5 seconds) was essentially unchanged. Similarly, renal flow was reduced during the first part of exercise, but rose to control levels during the exercise period. In many different exercise responses, both integrated renal flow and superior mesenteric flow remained even more constant than is indicated in figure 2 .
In summary, superior mesenteric flow was altered significantly and consistently during tilting of the trunk with the head up and while in the sitting position. Throughout all other spontaneous adjustments, integrated superior mesenteric flow per unit time was remarkably constant, in spite of rather large changes in heart rate, blood pressure, and instantaneous velocity patterns. In general, the vascular bed supplied hy the hepatic artery (i.e., the liver and stomach) appeared to be somewhat more reactive than that served by the superior mesenteric artery, but these flows were not compared in the same animal.
Instantaneous flow through the renal artery varied frequently, but not greatly, with respect to both peak flow and level of flow during diastole. These levels fluctuated within a relatively narrow range during any spontaneous adjustment and, sometimes, without obvious cause. Integrated renal flow also fluctuated frequently during spontaneous reactions. Variability in renal flow was greater in the example presented in figure 2 than in most of the other dogs. Surprisingly, the change in renal flow during vigorous treadmill exercise was no greater than that during other, minor adjustments. Flow through the lower aorta to the hindquarters was extremely variable and attained transient high levels during many different adjustments. Flow to the hindquarters was sustained at very high levels during exercise. These changes in flow occurred rapidly, beginning within a very few heart beats.
Intravenous Infusions of Vasoactive Substances
Both rapid injections and steady infusions at various dosage levels were studied in these healthy, unanesthetized dogs. One purpose of this portion of the study was to explore the possibility that these substances play a role in normal peripheral vascular responses, demonstrable by production of changes similar to those recorded during spontaneous activity in the same dog on the same day.
Isoproterenol, a synthetic derivative of the catecholamines, produces peripheral vasodilation and also directly affects cardiac contractility. 13 During infusions at very low dosages (0.5 /ag./Kg./min.), the vascular beds served by the superior mesenteric artery, the renal artery, and the terminal abdominal aorta were dilated, since flow through these vessels increased even though mean arterial pressure decreased. The instantaneous flow patterns were altered in such a characteristic fashion that records of isoproterenol injections, obtained at slow or fast paper speeds, could be recognized with confidence (figs. 4 and 5). The peak flow velocity became very high early in systole, presumably as a result of increased ventricular ejection velocity ( fig. 5 ). The renal flow pattern developed a high, brief spike early in systole, with a secondary peak late in systole. The duration of systole was clearly diminished. The heart rate remained accelerated throughout the infusion. Although integrated flow records demonstrated increased flow per unit time in all three arteries, the increase was more pronounced in the superior mesenteric artery and the terminal aorta. The change in peripheral flow distribution did not reproduce that during exercise (figs. 2 and 3).
Infusion of i-epinephrine (1.0 jug./Kg./ min.) produced a profound reduction in blood flow through all three vascular beds. The reduced flow was clearly a manifestation of generalized vasoconstriction, since both peak and integrated flows were reduced, despite substantial increase in mean arterial pressure ( fig. 4 ). The heart rate was generally slowed. The instantaneous flow pattern of the renal artery had a reduced initial spike and a lower peak; the lower abdominal flow pattern displayed a slightly lower peak and a more prominent retrograde surge at the end of systole. These changes in wave form reflected, to some extent, the changes in peripheral hydraulic impedance.
The changes in peripheral flow produced by norepinephrme infusion (0.5 ^.g./Kg./ min.) could not be distinguished from the effects of i-epinephrine infusion by any consistent criterion.
Infusion of large doses of acetylcholine produced pronounced vasodilatation, with marked depression of systematic arterial pressure and sustained tachycardia. Superior mesenteric flow decreased somewhat, renal flow increased, and terminal aortic flow increased transiently. The modest changes in flow indicate that the reduced perfusion pressure tended to balance the effects of peripheral vasodilation. In view of the rapid destruction of acetylcholine by the cholinesterase in the blood, the dosage used to produce these changes is completely outside the physiological range. Rapid injection of Pitressin (1 pressor unit) produced abrupt reduction in flow through all three vascular beds, indicating generalized vasoconstriction, which persisted for an hour or more. The increase iu peripheral resistance changed the instantaneous flow patterns, principally through accentuation of the retrograde surge of blood in the superior mesenteric artery and terminal aorta ( fig. 5 ).
In summary, intravenous infusion of isoproterenol produced an increase in blood flow through the vascular beds served by the superior mesenteric and renal arteries and the terminal abdominal aorta. As mean arterial pressure was diminished, the increased flow resulted from decreased peripheral vascular resistance. The changes in the wave form of the flow velocity represent a combination of the effects of increased ventricular contractility and reduced peripheral hydraulic impedance. In contrast, administration of Z-epinephrine or norepinephrine produced prompt and sustained reductions in blood flow through all three beds. These reductions reflected generalized vasoconstriction, evidenced by the increased mean arterial pressure. Acetylcholine caused only slight changes in mean flow, in spite of marked reduction in mean arterial pressure and compensatory pressoreceptor reflex activity, which produced great cardioacceleration. Pitressin generally produced a sustained re-duction in flow through all vascular beds. In the example presented in figure 4 , flow through the renal artery was reduced transiently, gradually returning toward the control levels. None of the patterns of flow distribution produced by these vasoactive materials reproduced those previously observed during spontaneous adjustments.
Electrical Stimulation in the Brain
The changes in flow distribution induced by electrical stimulation of selected sites in the brain displayed many different forms, depending upon the neural pathways activated. Bach experiment included a series of stimulations as the electrode was advanced, by 1-mm. intervals, to and through the region of the H 2 fields of Forel in the diencephalon. A sequence of records taken during stimulation along such an electrode track is presented in figures 6 and 7. Stimulation at the first two sites (1 and 2 in fig. 6 ), elicited no definite response. Stimuli at position 3, 4, and 5 induced progressive diminution in both the instantaneous and the integrated flow patterns in the superior mesenteric and renal arteries, and greatly increased flow in the lower aorta. The heart rate increased, and the 
Figure 6
Blood flow distribution was affected by iceak electrical stimulation at sites 1 mm. apart as the electrode ivas advanced to and through the H 2 fields of Forel in the diencephalon. In certain aspects, these changes resemble those recorded during spontaneous exercise. mean arterial pressure displayed transient reduction followed by sustained increase or return to a level near the control level. It is interesting that the maximum increase in heart rate and arterial pressure occurred with stimulation at point 4 and the maximum change in flow distribution with stimulation at site 6. This separation of points producing maximal changes in different variables was observed fairly commonly in this study. Stimulation at adjacent sites produced bradyeardia, depressed arterial pressure, and different patterns of flow distribution. It was possible to demonstrate that the changes in peripheral flow distribution were due to stimulation, rather than to destruction, of nerve tissue, by withdrawing the electrode along its path, reversing the sequence of stimulation. Second stimuli at the same points produced precisely the same kind of responses.
Limitations of the Experiments
These experiments were designed to study and evaluate peripheral vascular controls under conditions as nearly normal as possible. In spite of the dogs' healthy appearance, each of them had undergone abdominal surgerj' a week or two before the observations. The results of this experiment should be applied to normal dogs with due caution, and to healthy human subjects only with experimental justification. The critical variables were recorded directly and continuously in healthy dogs, with intact and functioning neural control mechanisms. In spite of these precautions, the results must be viewed with certain reservations that may not be apparent because the techniques are relatively new. The ultrasonic flowrneters record the instantaneous flow velocity, which can be calibrated in terms of volume flow only if the dimensions of the Circulation Research. Volume IX, May 1961 lumen within the flow segment do not change. In order to prevent such change, the arteries were enclosed within rigid lucite cylinders, which were carefully fitted to them. Collagenous connective tissue formed around the flow sections within a few days and extended between the plastic and the arterial wall, so that the lumen of the artery was somewhat diminished. Although all flow sections were widely patent at the time of calibration and postmortem examination, some obstruction to flow past the point of measurement could not be avoided. The flowmeters were directly calibrated in terms of instantaneous volume flow while the flow sections were undisturbed in situ. The error in these absolute calibrations in vivo is estimated to be less than 10 per cent of the full-scale deflection. The flow patterns on the records from the lower aorta and the superior mesenteric, hepatic, and renal arteries were comparable to wave forms presented by Shipley et al. 14 15 These records demonstrated that blood flows continuously forward through arteries serving the splanchnic bed; the flow does not fall to zero under normal conditions. Instead, the flow reaches a peak in early systole and declines progressively during the remainder of the cycle, with some inflections superimposed. The fact that blood does not characteristically reach zero flow velocity or flow backward in the renal and superior mesenteric or hepatic arteries alleviates these sources of error of the thermostromuhr when used at these sites. The ultrasonic flowmeter records have substantiated the previous findings of Herrick et al..°u sing the thermostromuhr, that flow through the renal and superior mesenteric arteries does not, in fact, diminish during exercise. In recent years, a resurgence of interest in thermal methods of measuring blood flow has developed through the work of Hensel 16 -17 and others. By means of feedback circuits and logarithmic amplifiers, the recording range, zero registration, and linearity of thermal flowmeters have been greatly improved. 1S> 19 Perhaps these developments will help to restore confidence in thermal flow-Circulation Retcarch, Volume IX, May 1901 measuring techniques under conditions for which they may be adapted.
The volume flow per unit time was derived from the instantaneous volume flow by integration with electronic analogue computers. The electronic integrations were accurate as long as the baseline did not change. The baseline, or zero drift, was checked repeatedly and found to be less than 1 per cent of fullscale deflection, when measured over fourhour periods with the flow section outside the body of the animal. During calibration of the flowmeters, baseline stability was checked for periods of 15 to 30 minutes. The baseline stability could also be checked over long intervals on flowmeters positioned on arteries (e.g., the abdominal aorta) in which the flow reaches zero at the end of any long diastolic interval. In repeated tests under these conditions, negligible deviations from zero flow were observed over periods as long as eight hours. Flow records from arteries in which flow usually does not reach zero during any phase of the cardiac cycle could not be cheeked for zero baseline stability during the experiments, but no evidence or theoretical consideration suggested that they should be less reliable. Flow distribution changes more or less continuously in an alert, healthy dog. The changes during spontaneous activity, shown in figure 2, have been recorded many times so that the cause and effect relationships are clear. However, pronounced changes in flow distribution may occur without any obvious cause. The most reliable and reproducible peripheral vascular responses occurred during passive tilting and exercise. Even here, however, inexplicable differences occur. For example, the typical exercise response is characterized by a prompt attainment of new levels that are maintained through the exercise. The example in figure 2 shows an initial increase in terminal aortic flow and heart rate followed by a second, greater increase in these variables. The treadmill speed was constant during this time and the reason for this unusual secondary adjustment remains obscure.
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Figure 7
Flow velocity patterns during diencephalic stimulation display higher peaks, shortened systolic intervals, and chamges in wave form that resemble those observed during treadmill exercise (see fig. 3 ).
per cent grade for 4 to 5 minutes is a heavy load for dogs but is not the maximum they can achieve. The fact that the flow through the hepatic, superior mesenteric, and renal arteries did not diminish significantly during these studies does not exclude the possibility that this compensatory mechanism could come into play with either more intensive or more prolonged exertion. Diminished flow through the splanchnic bed under extreme cardiovascular stress would permit a lower cardiac output.
The changes in flow to the gastrointestinal tract and kidney were smaller than expected. This observation led to speculation that the autonomic nerves traveling between the arterial wall and the lucite cylinder had been damaged. Theoretically, nerves within the flow section could be exposed to an external pressure equivalent to that within the arterial lumen. Such pressure well might produce local ischemia of the nerves. In four animals, the adventitia was incised longitudinally and carefully dissected free of the renal artery, so that the flow section could be installed around the artery but inside the adventitia.
The changes in renal flow in these dogs were indistinguishable from those in animals in which this precaution was not taken.
The fact that electrical stimulation in the brain produced prompt changes in flow distribution similar to those during exercise provides additional evidence that the neural pathways to the vascular beds remained intact. The observation that an integrated pattern of response can be consistently produced by weak electrical stimulation of a circumscribed area in the brain often tempts investigators to call such an area a "center." Since it is impossible by electrical stimulation to reproduce the same distribution of nerve impulses along the nerves as might occur spontaneously, there is really no justification for assuming that the experimentally induced response is a counterpart of a spontaneous response. This type of experiment demonstrates that neural pathways exist that produce reactions similar to spontaneous cardiovascular adjustments. It does not prove that the site of stimulation is necessarily involved under normal conditions. It is quite possible that the site of stimulation in the H 2 fields of Forel represents not a group of nerve-cell bodies, but a funneling of nerve fibers into a restricted bundle as they pass from higher levels of the nervous system to the medullary and spinal regions.
Summary
The instantaneous velocity and the integrated flow through a splanchnic artery (superior mesenteric or hepatogastrie), the renal artery, and the terminal abdominal aorta were recorded continuously and simultaneously, as were the mean aortic pressure and heart rate, during a wide variety of spontaneous cardiovascular adjustments of healthy active dogs. These responses were compared with the effects of infusing vasoactive substances, such as isoproterenol, Z-epinephrine, norepinephrine, acetylcholine, and Pitressin, and with responses to stimulation of selected sites in the base of the brain. During spontaneous activity, the flow through the splanchnic and renal arteries usually varied in a direction opposite to that of changes in flow to the hindquarters. The changes in mesenteric or renal flow were relatively slight, even during strenuous exercise that produced a substantial increase in flow to the hindquarters. Vasoactive substances tended to produce changes in the same direction in all three beds. Changes in flow distribution and in wave forms of the instantaneous flow patterns produced by vasoactive substances did not resemble those produced by spontaneous adjustment. However, stimulation of selected diencephalic sites (e.g., 1L> fields of Forel) produced changes in both flow distribution and flow velocity patterns that closely simulated those observed during exercise in the same animals. Stimulation in the same regions was previously reported to produce changes in left ventricular performance also closely resembling those noted during treadmill exercise.
